Abstract SMTP-0, a new simple congener of the SMTP nonlysine-analog plasminogen modulators, was isolated from a culture of Stachybotrys microspora. Based on the physico-chemical data, SMTP-0 was shown to be an enantiomer of the antimicrobial compound stachybotrin B. The absolute configuration of SMTP-0 was determined by the modified Mosher method. The stereochemistry was further confirmed using an epimer of SMTP-0. Unlike most SMTPs with an amino acid side chain linked to the nitrogen atom of the lactam moiety, SMTP-0, which lacks the N-linked side chain, showed no plasminogen modulator activity.
The plasminogen/plasmin system plays crucial roles not only in blood clot lysis but also in various physiological and pathological events, where localized proteolysis is required [1, 2] . Human plasminogen is a single-chain glycoprotein consisting of an N-terminal peptide, five kringle domains and a serine protease domain [3] . Two serine proteases, tissue-type plasminogen activator and urokinase type plasminogen activator (u-PA), catalyze the activation of plasminogen by cleaving the Arg 561 -Val 562 bond to yield active serine protease plasmin, which consists of two polypeptide chains that are held together by disulfide bridges [2] . Circulating plasminogen resists its activation, since it adopts tight, spiral conformation due to intramolecular binding of Lys 50 and/or Lys 62 to lysine binding site (aminohexyl site) in the fifth kringle domain [4ϳ6] . Fibrin and cellular receptors bind plasminogen and relax plasminogen conformation to be highly activatable, promoting efficient localized proteolysis [7, 8] . Similarly, lysine analogs bind to plasminogen kringles, resulting in conformational relaxation and enhancement of activation to plasmin [4] . Thus, conformational modulation of plasminogen is important for its activation.
We discovered a variety of novel nonlysine-analog modulators of plasminogen activation. These include a family of microbial triprenyl phenol metabolites designated SMTPs, which enhance both plasminogen activation and plasminogen-fibrin binding, resulting in augmentation of fibrinolysis [9ϳ16]. These effects are strikingly different from the action of lysine analog modulators, which enhance plasminogen activation but inhibit plasminogen-fibrin binding and fibrinolysis. Therefore, SMTPs could be candidates for development of fibrinolysis-promoting agents. In the present paper, we describe the isolation of a new congener, SMTP-0 (Fig. 1) , which lacks the side chain of SMTPs and permits determination of its absolute configuration by the modified Mosher method.
Previously, we found that the production of SMTPs by Stachybotrys microspora could be selectively enhanced by supplementing the culture medium with an appropriate amine, of which nitrogen atom is to be incorporated as the lactam nitrogen atom in the SMTP molecule [14] . We have improved the method by investigating the composition of production medium and the timing of amine feeding. The essential modification was to restrict the amount of amines in the production medium in the early phase of culture so as to permit cell growth but suppress the formation of byproducts. SMTP congeners of interest can be produced selectively by adding appropriate amines after accumulation of a triprenyl phenol precursor. SMTP-0 was produced using the improved method as described in the experimental section. From 100 ml of the S. microspora IFO 30018 culture, 33.2 mg of purified SMTP-0 was isolated.
The physico-chemical properties of SMTP-0 are shown in Table 1 . The NMR and MS results (see Table 2 for NMR data) suggested that the compound retained the backbone structure common to the previously isolated SMTPs but that it lacked the N-linked side chain (Fig. 1) . The structural formula of SMTP-0 was identical to that of stachybotrin B, isolated by Xu et al. as an antimicrobial agent. However, the optical rotation of SMTP-0 was Ϫ7.4°, but that of stachybotrin B was ϩ39.1°. The NMR data of stachybotrin B were quite similar to those of SMTP-0 (Table 2 ). These observations suggest that SMTP-0 is an enantiomer of stachybotrin B, while its absolute configuration has been unknown. So, we tried to determine the absolute configuration of SMTP-0. In the previous studies, we determined the relative stereochemistry of the dihydropyran moiety of SMTP [15] . There remained two possible combinations of absolute configuration at C8 and C9, i.e. 8R,9R and 8S,9S. The modified Mosher method is known to give an absolute configuration for a chiral carbon atom with a secondary hydroxyl group [18, 19] . Because SMTP-0 has two hydroxyl groups (one attached to the chiral carbon atom at C8 and the other to the aromatic carbon atom at C5), we first converted SMTP-0 to its 5-O-Me derivative (1) using trimethylsilyldiazomethane [20] (Fig. 1) . Next, compound 1 was esterified using
The chemical shift values of 1 H-NMR spectra for compounds 2 and 3 were compared each other (Table 3 ). Characteristic differences in the chemical shift value (Ddϭd S Ϫ␦ R ) were observed at the axial proton at C7 (DdϭϪ0.12), the aromatic proton at C4 (DdϭϪ0.04), the olefinic proton at C16 (Ddϭϩ0.04) and the methyl protons at C25 (Ddϭϩ0.05), thus indicating an S configuration at C8. To exclude ambiguity, we further tried to synthesize Mosher esters using an epimer of SMTP-0. First, alcohol 1 was oxidized with Dess-Martin periodinane [21] , affording ketone 4. Then, ketone 4 was reduced with NaBH 4 to yield racemic alcohol, from which 8-epi-5-O-Me-SMTP-0 (5) was isolated by reverse phase HPLC. Both S and R Mosher esters (6 and 7, respectively) were prepared from 5. As shown in Table 3 , plus and minus signs of the characteristic differences in the chemical shift values between 6 and 7 were opposite as compared with the differences between 2 and 3. These results support the conclusion that configuration at C8 is S. Therefore, the configurations at C8 and C9 were assigned as S and S (Fig. 1) . Because all the SMTP congeners are produced by the same strain of S. microspora IFO 30018 and the optical rotation of the congeners with relatively simple N-linked side chain, staplabin [-(CH 2 ) 4 
11], we believe that the absolute configuration at the dihydropyran moiety of other SMTPs is the same as that of SMTP-0. SMTP-0 was eventually inactive in enhancing plasminogen activation when it was assayed as described previously [15] at concentrations ranging from 50ϳ 500 m M, whereas SMTP-7, one of most effective congeners, enhanced the activity 10-fold at 65 m M. This result clearly shows that the N-linked side chain of SMTP plays a significant role in exerting plasminogen activation enhancing activity. Although SMTP-0 itself is an inactive compound, it can be a potential precursor for chemical derivatization through introducing a side chain at the lactam nitrogen atom.
SMTP-0 showed antibacterial activity in disk assay against Corynebacterium ammoniagenes (IFO 12612) at 100 and 300 mg/disk (8 mm) with an inhibitory zone of 9 and 9.5 mm, respectively. However, the compound did not affect the growth of Bacillus subtilis (IFO 12210) and Escherichia coli (IFO 3301) at 300 mg/disk. SMTP-0 also inhibited the radial growth of the fungus Rhizomucor pusillus (IFO 4579) by 40% in a center-point inoculation assay at 100 mg/disk, while the compound failed to inhibit the growth of Penicillium notatum (IAM 1026) at 1 mg/disk.
Experimental
Production and Purification of SMTP-0 S. microspora IFO 30018 was incubated at 25°C for 4 days in a 500-ml Erlenmeyer flask containing 100 ml of a seed medium consisting of glucose 4.0%, soybean meal 0.5%, dry bouillon 0.3%, yeast extract 0.3% and the antifoam 465 0.01%, pH 5.8. The flask was incubated at 25°C on a rotary shaker at 180 rpm. After 96 hours, 100 mg of ammonium chloride was added, and the flask was incubated further for 24 hours. The culture was stopped by adding 200 ml of MeOH. The MeOH extracts were filtered and concentrated to remove MeOH. The residue was extracted thrice with an equal volume of ethyl acetate. The ethyl acetate extracts were combined and concentrated to dryness, dissolved in 3.0 ml of MeOH, treated with Lichrolut ® RP-18 (Merck), and subjected to purification by preparative HPLC using an Inertsil PREP-ODS (30ϫ250 mm; GL Science, Tokyo, Japan). The column was developed at a rate of 25 ml/minute at 40°C with 50 mM ammonium acetate in 75% aqueous MeOH. SMTP-0 was eluted at a retention time of 11.5 minutes. Fractions containing SMTP-0 were evaporated to remove MeOH and extracted with ethyl acetate, giving 33.2 mg of purified material. Table 3 . H-NMR, see Table 3 . 1 H-NMR, see Table 3 .
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To a solution of alcohol 1 (60 mg, 150 mmol) in 5. Table 3 . Table 3 . Table 3 .
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General UV spectrum was measured in MeOH on a model 320 spectrometer (Hitachi, Tokyo, Japan) and IR spectrum on a JIR-WINSPEC spectrometer (JEOL, Tokyo, Japan) with NaCl. MALDI-TOF-MS spectrum was taken on a Voyager DE STR spectrometer (Applied Biosystem, CA, USA) using a-cyano-4-hydroxycinnamic acid as a matrix. NMR spectra were measured in DMSO-d 6 or CDCl 3 on an EX-270 or an Alpha-600 spectrometer (JEOL). Optical rotation was measured on a model DIP-360 (JASCO, Tokyo Japan) in CHCl 3 .
